This research reports on the ridership trends of new start Light Rail Transit (LRT) projects implemented in the last two decades. These systems are colloquially referred to as "new start" systems. The purpose of the research presented here is to look at the process of maturation of these systems in terms of ridership trends. Each system's ridership is examined, and system extent in terms of route miles and service miles also is examined. The research attempts to discern the impact of service expansion associated with the system synergies that might result from increased accessibility. Performance is evaluated by reviewing ridership changes as LRT systems grow and comparing them with changes in service supply.
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INTRODUCTION
During the past two decades, several urban areas have invested in Light Rail Transit systems (LRT) with the expectation that these systems would attract substantial ridership and hence, contribute to meeting the mobility needs of the community. The debate continues as to what extent new transit developments can impact positively on the balance between private vehicles versus transit trip-making levels. Available statistics indicate that, during the latter half of the 1990's, overall transit ridership grew by 21 percent, with the largest increase in the growth attributed to rail passengers (Pucher, 2002) . During this same period, a number of LRT projects were implemented, building on earlier new start LRT developments since 1980. Both National Transit Data (NTD) and National Household Travel Survey (NHTS) data indicate that a growing share of all transit trips are on rail systems including light rail, commuter rail and heavy rail (Polzin, 2003) . Analysis of the ridership trends of these new start LRT systems can help to provide a richer understanding of the role that LRT systems are having. In addition, by looking at how ridership levels change as systems mature, it may be possible to shed some light on the impacts LRT systems will have as they reach maturity.
This analysis attempts to shed light on the extent to which systems show maturation in terms of ridership growth over the near term as awareness of the system grows, and over the longer term as might be a result of changing demographics, changes in mode choice of travelers, or increased transit accessibility as the overall transit system expands. The research attempts to discern the impact of service expansion associated with the system synergies that might result from increased accessibility, through the review of the relative changes in ridership and service supply.
This paper analyzes LRT systems constructed during the period 1980 to 2001. These systems are colloquially referred to as "new start" systems. Exploration of transit data as contained in the NTD is the primary method of analysis and was supplemented by literature searches and exchanges of information with transportation experts in the transit data field. Due to the available data, the analysis is restricted to reviewing LRT ridership and region wide bus and total ridership. These data sources do not allow corridor specific analyses of ridership changes and system impacts. One would expect corridor level impacts to be more significant due to the more limited geography.
LIGHT RAIL SYSTEMS AN OVERVIEW
LRT can be defined as "a metropolitan electric railway system characterized by its ability to operate single cars or short trains along exclusive rights-of-way at ground level, on aerial structures, in subways or, occasionally, in streets, and to board and discharge passengers at track or car-floor level" (Transportation Research Board, 1989 ). An alternative and possibly later definition, illustrating how LRTs have increasingly shared the road space with other road users, defines LRT as "rail cars with motive capability, usually driven by electric power taken from overhead lines, configured for passenger traffic and usually operating on non-exclusive rights of way" (APTA, 2002) . LRT as a term has primarily been used to define light rail systems constructed after 1970; before that year, the terms streetcar, trolley, or tram often were used.
According to the 2001 NTD, there were 24 LRT systems in operation in the U.S. Of these 24 systems, 17 (or 70 percent) were "new start" projects, i.e. constructed during or after 1980.
Key characteristics of these 24 systems are presented in Table 1 . The last column in Table 1 indicates the first year of NTD availability with respect to LRT systems being studied.
Differences in the actual start year of the LRT system, when compared to the first year of data supplied may be due to calendar versus fiscal year accounting policies of the respective systems. 
RIDERSHIP
Ultimately, the fundamental benefit of a transit investment is dramatically dependent on its role in providing mobility. Energy savings, air quality contributions, congestion relief, offsetting roadway infrastructure needs, etc., all require the transit services to be utilized by travelers for these benefits to be captured. While the economic impact of construction will occur regardless of the system's subsequent success, even the land use influencing power of LRTs ultimately will be dependent on the system servicing a meaningful role in providing mobility. Thus, understanding the ridership response to LRT implementation is critical to understanding the contributions of the investments. The fundamental premise in LRT development is that the To what extent do the ridership data for new start LRT systems confirm these predictions of increased transit usage? The analysis presented in the following discussion seeks to shed light on this question. The data presented in Table 2 illustrate the challenge of correlating growth rates to operational length of time (i.e., growth rates decline as operational time increases) as an indication of system maturity. This observation is alluded to in the data, in that there is an equal dispersion of "older" (i.e., systems in operation >10 years) and "younger" (i.e., systems in operation <10 years) new start LRT systems, in the top 6 and bottom 6 rank positions, respectively. The high compound growth rates as experienced by LRT systems in Denver, San Jose and Portland, may be due partly to the continued ability to attract riders, manifested through recent network expansions. All top three systems in Table 2 have extended their LRT networks within the last 4 years, positively impacting their total ridership levels.
Light Rail Transit Ridership Statistics
Figure 3 presents the rolling three-year average ridership levels for 11 LRT systems. Each of these 11 systems shows positive growth trends through the first four years of operation (the exception being Newark). Further analysis of Figure 3 indicates that of the 6 new start LRT systems that have been in operation for 10 years or more, operational year 7 generally marks the point at which one or more systems experienced their first decrease in ridership growth.
Nevertheless, it would be premature to conclude that after operational year 7 new start LRT ridership growth should stabilize.
As an indication of systemwide ridership levels before and after new start LRT introduction, 
SYSTEM EXTENT
In this section LRT system extent will be looked at in terms of route miles and service miles.
Obviously the extent of route and service miles will affect ridership. Passengers per directional route mile is used as a measure of the intensiveness of the use of a transit system. Thus, maturation of such systems may be evidenced from a tapering-off of total ridership levels per directional route mile. Theoretically, from new start LRT service inception, ridership per directional route mile increases to a certain level as awareness of the system grows; thus, subsequent growth should be at a rate that reflects the extent of population growth in the market area and changes in mode share. Even for fully-developed areas that are not growing, this might mean some relocation of population that needs or wants to use the LRT system who choose locations in proximity to the system over time as home and employment relocation opportunities are presented. Figure 7 illustrates intensity of ridership use of new start LRT riders per directional route mile. In Figure 7 it is evident that Niagara Frontier Transit Metro system (Buffalo) has had consistently high ridership levels per directional route mile from its early years of operation when compared to the other LRT systems. This is, no doubt, attributable to its short length and downtown focus. Sharp changes (either upward or downwards) in ridership per directional route are often due to changes in the system extent, either in LRT system itself, or in other competing modes.
Directional Route Miles
Take for example, the sharp fall in San Diego's system between the operating years 17 -18.
This coincided with the expansion by 100 percent of the length of the LRT system. Ridership per directional route mile rises again in year 20, and may continue to rise as the expanded system becomes established. In general, accounting for route miles produces a ridership plot with a more stable ridership trend as systems expand. The route mile expansion explains a significant share of the growth in ridership. In aggregate, ridership increased by 110 percent whereas route miles increased by 100 percent between the 3 rd year after system start-up and the most recent year. Thus, ridership increases were able to slightly outpace line mileage expansion.
There are two possibly contradictory phenomenon of interest in system expansion.
Presumably, the expansion of the system allows greater accessibility, which should increase the probability of users in proximity to the system choosing it more as a larger share of their total travel needs would now be accessible via the system. This presumes the expansion offers a more convenient or faster alternative than the preexisting prospect of a possible combination of LRT/bus trip. Also, with more stations, a larger market should be within walking distance for access or egress from the system. On the other hand, an urban area typically will place its initial segment in the strongest market location, often the best transit corridor serving the central business district. The second segment opened would presumably be in the second best location; thus, excluding the prospect of synergistic effects, one might expect the overall system performance (ridership per route mile) to decline with system expansion. One might make similar arguments regarding new start geographic expansion by presuming LRT investments occur in the cities with the strongest markets and, over time, systems are being added in more modest markets. That assumption would presume resource allocation decisions are made from a national optimizing perspective rather than through complex local, state, and national political processes.
Interpretation of Figure 7 also has to include recognition that a host of other factors influence ridership trends, including the strength of the economy, land use/development trends in the vicinity of the system, the condition of the competing auto system (particularly the prospect that parallel major facilities are undergoing changes), fare levels, network effects, and service levels among others. In addition, as the system ages, one might expect that the physical condition and perhaps the system reliability may not be up to the same levels as in the early years of operation.
Ridership levels also may be influenced by the extent to which the LRT system is integrated in and supported by the bus system serving the community. In general, the trends in Figure 7 suggest that the levels of use per route mile in subsequent years are remaining at or above the initial levels. Thus, one might surmise that, for the existing LRT cities, there were additional corridors or extensions that offered comparable LRT market opportunity beyond the initial segment. Given that most systems are located in urban areas with several hundred miles of freeways and hundreds or thousands of miles of major arterials, it is not surprising that the modest extensions that are affordable for various cities offer equally promising performance.
In Figure 7 , it should also be noted that there is a significant variation in the absolute performance between the various systems. Table 3 presents data showing directional route mileage changes for a selection of LRT systems and the corresponding changes in ridership. Of the 9 new start LRT systems presented in Table 3 , 19 individual instances of directional route mile changes (expansions) took place after operational year 3, (years 1 -2 and 2 -3 are not considered). The LRT system operating in San Diego had the highest number of system expansions (6). The most common operational period for route mile expansion, according to the data, was during operational years 6 -7. This period dovetails with the previous argument that initial ridership maturity may be achieved after operational year 4 (i.e. years 5, 6, 7 etc). Table 2 ) 2. Part-year operations, novelty attraction, aggressive marketing efforts and other ridership initiatives in the introductory years of a new LRT service may produce inflated first and second year ridership levels. Thus, expansion in years 1 -2, or 2 -3 have been omitted. Source: National Transit Data Figure 8 graphically presents the data in Table 3 . A cursory observation of Figure 8 indicates a modest relationship between the percentage change in directional route miles and ridership, (i.e., expanding the route miles in a LRT system by X percent will not necessarily result in a corresponding change in ridership by X percent). A regression analysis of the relationship between system expansion and ridership (using data in Table 3 ) results in a low R 2 value (0.26), confirming the weak relationship. Other data, such as elasticities for transit service supply, suggests that marginal increases in service will result in proportionately lower average productivity. The elasticity for transit service expansion has historically been less than 1 with, for example, a 100 percent increase in service producing perhaps a 65 percent increase in ridership (TCRP, 2000) . Of the five new start systems that had route mile expansions of 100 percent or more (San Diego, St. Louis, Portland, San Jose and Denver), Portland, San Jose, and San Diego had corresponding ridership increases greater than their respective changes in directional route miles. ridership. These data suggest that, while LRT has grown to be a significant share of travel in several markets, the public transportation system for LRT cities continues to be reliant on multiple public transit modes, most notably bus based services.
FIGURE 9 -New Start Light Rail Transit Annual Average Trip Length
Note: Year of service introduction = Operational Year 1 (see Table 2 corresponded to a 100 percent increase in directional route miles (see Table 3 ). Nevertheless, the LRT system in Portland seems to be the exception where positive changes in directional route miles have not resulted in correspondingly steep negative changes in passenger miles per directional route mile. Figure 13 shows the relationship between passenger miles served per passenger car revenue mile of service. Passenger miles traveled per revenue mile of service is the best single measure of transportation productivity of a transit investment.
As indicated in Figure 13 , a total of 4 new start LRT systems have achieved more than 30 passenger miles for every vehicle revenue mile traveled. Again, 3 of these systems, Los
Angeles, Portland, and San Diego, are located on the West Coast; the fourth system is in St.
Louis. While these load factors are a modest percent of available places in comparison to airline load factors, they are not dissimilar to autos where the average occupancy is approximately 1.6 compared to a nominal average capacity of 4-5 persons. Maintaining high occupancies in light of directional and temporal fluctuations in demand is an important challenge for LRT systems. In absolute terms, the productivity levels are modest in terms of the typical LRT vehicle capacity, and the trends indicate relatively stable productivity trends for most 
CONCLUSIONS
Reviews of NTD data indicate that ridership trends for new start LRT projects matured relatively quickly, with subsequent growth driven by system extent and service levels. The initial rapid maturation is no doubt partially attributable to the high profile light rail lines receive when they are under development and implemented. Unlike bus services, where it may take a while for the public to understand where they serve, the physical presence of the LRT system, particularly when it is new and unique in a community, makes it easy to understand. As most systems start with a single line and at best have a very simple network of lines, the general public can quickly understand the service areas for LRT, whereas, the more complicated bus system is more difficult to understand. Thus, bus service planning often presumes routes require up to 2 -4 years to mature.
Beyond an initial maturation that might be associated with customer awareness of the services, one would also expect to see steady ridership growth related to both a relocation of the population that had an interest in LRT to locations near the system, and growth of population and activities near the stations as land use started to respond to the presence of rail. These trends would be longer-term trends and more difficult to discern, particularly if other factors such as changing economic and demographic conditions, changes in service cost or quality, or other factors such as growing auto availability, come into play.
The route coverage elasticities presented in Figure 7 suggest that system expansion, shown in terms of route miles, is generally as productive as the initial line investment. This is perhaps a result of a combination of factors from the natural growth of population and ridership over time offsetting any tendency for subsequent lines to be built in successively less promising locations.
There is no compelling evidence that the synergy of having a larger rail system offsets the disadvantages of what one might assume is implementation in successively less promising corridors. This may be partially explained by the fact that the existing bus services have already captured the synergistic effects of more comprehensive service coverage. More detailed context-specific analysis would be required to develop a richer understanding of these phenomena The review of data also provided some additional observations that may be of use to those involved in planning new systems. It is particularly interesting to note that the LRT systems, even the more mature systems, are a modest share of the urban area's total transit service, with the most successful systems providing approximately 30 percent of total regional transit trips.
This situation, as well as the data in Figure 4 , indicate that, while the LRT investment may be very important to a community, the current history of LRT implementation has not resulted in dramatic increases in the transportation role that public transit plays in their respective communities. In light of the relatively modest extent of a system that any single urban area can afford to implement in a decade, one would not expect 10 to 30 miles of rail line to dramatically impact overall mobility in an area that most probably has thousands of miles of roadways and hundreds of miles of freeways.
LRT systems appear to mature quite quickly initially, and then show modest increases in ridership unless expanded. The expansions can produce larger increases in ridership, with these increases generally enabling proportional growth of ridership. Finally, Figure 13 indicates that LRT systems have not generally been able to show steady growth in productivity over time.
This can be attributed to a variety of factors, including the prospect that the service supply is appropriately managed from the beginning, to the reality that many mode choice considerations such as auto availability and cost, and overall transit system service supply, may be impacting productivity trends. Again, closer context-specific analysis would be required to more clearly analyze this issue. While LRT is playing an important role in expanding transit use, even LRT system development has not made transit ridership expansion easy. The legislative requirement for the NTD is contained in Title 49 United States Congress 5335(a).
REFERENCES
The overall goal of NTD is to, 'help any level of government make a public sector investment decision' [with respect to transit]. The NTD repository is used in the following ways:
• Guide public investment decisions of Congress, FTA, and other federal, state, and local governments;
• Apportion FTA funding among urbanized areas; and
• Guide policy development to assist in establishing national priorities and to shape public planning and strategic decision making efforts.
Currently, over 600 transit agencies operating in more than 400 urbanized areas, submit data to the NTD. Of the 19 LRT systems operating (excluding heritage trolley systems) in the USA during 2001, all of these systems submitted data to the NTD.
Transit Agency Data Submission
The criteria for data submission is that all transit authorities receiving (or benefiting from)
Urbanized Area Formula Program (UAFP) grants are mandated to submit annual data. In addition, operators of purchased transportation services that provide mass transportation services under contracts to recipients or beneficiaries of UAFP grants must also submit data to the public transit agency for inclusion in their submission to the NTD. There two general exceptions which relieve transit agencies of data submission, this is where: (i) the agency has nine or fewer vehicles in annual maximum service that operate non-fixed guideway systems, and (ii) private conventional/subscription bus operators that are not under contact to an UAFP grant recipient or beneficiary (though the latter group may voluntarily submit data).
Data submission categories
Data submissions of transit agencies (which submit data to the FTA) are grouped according to Table A1 also indicates which of the data in each category was used to derive information contained in the graphics and tables in this report. It can be seen that NTD data from categories 403 and 406 provided the majority of data analyzed and presented in this report.
Data Analysis using NTD
In the early days of NTD, results were published in hard form. Recently, NTD is available in electronic format, which can either be directly downloaded from the internet or accessed from a CD-ROM. Analysis of NTD in respect of this report was enabled by accessing the Integrated National Transit Database Analysis System module of the Florida Transit Information System. This is a CD-ROM of NTD produced by the Florida International University (Miami). The CD-ROM allowed analysis by way of queries on NTD, producing results in a variety of formats, e.g.
tables, graphics or MS Excel compatible spreadsheets.
In some cases in order to facilitate comparative data analysis, NTD was standardized across systems through focusing on the number of years of service rather than by the actual year of service for each system, respectively. For example, two LRT systems commencing services in the years 1985 and 1995 respectively, would naturally result in two separate points on a year based time line; nevertheless, both would be placed at year 1, if the time line were according to years of service. Through his method a more direct comparison and analysis between each individual transit system data was achieved.
